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PROCESS FOR MANUFACTURING 
SEMICONDUCTOR DEVICE AND 
SEMICONDUCTOR WAFER 

BACKGROUND OF THE INVENTION 

The present invention relates to a process for manufac- 
turing a semiconductor device and, more particularly, to a 
process suited for mass production of a highly integrated 
semiconductor device. 

Semiconductor devices of various forms have been devel- 
oped to meet recent demands in the electronics field towards 
size and weight reduction, speed increase, and improvement 
of functional operations of the devices. The semiconductor 
device comprises a package and a semiconductor chip 
(hereinafter, also referred to as a chip) contained in the 
package. The chip has been integrated higher and higher, 
and such a highly integrated semiconductor chip increases 
the number of terminals thereon. In addition, there have 
been severe demands on the semiconductor chips towards 
the possible reduction in size. The terminal-to-terminal pitch 
should thus be reduced to meet these demands or require- 
ments for the semiconductor devices. A semiconductor 
device having a high terminal count can be obtained by inner 
lead bonding or by area array bonding. The inner lead 
bonding and the area array bonding are expected to be 
inevitable for the field of the semiconductors. 

The inner lead bonding (ILB) is used to make electrical 
contact between the chip and the leads within the package. 
Various bonding technologies are available to achieve this 
inner lead bonding. Wire bonding is the most extensively 
used electrical interconnection process. In this process, fine 
wires are used to make electrical contact between the 
bonding pads on the chip and the corresponding leads on the 
package. The wire diameter is typically from 20 to 30 
micrometers. Wire bonding techniques include thermocom- 
pression bonding, ultrasonic bonding, and thermosonic 
bonding. 

The use of the fine wires limits the number of intercon- 
nections available in one package. The recent demands for 
the semiconductor devices with a high terminal count thus 
causes a problem of poor connections between the wire and 
the bonding pads. Considering this fact, the wire bonding 
has been replaced with wireless bonding. The wireless 
bonding is also called gang bonding, with which all bumps 
on the electrode pads are bonded simultaneously to the 
leads. Wireless bonding techniques include tape automated 
bonding (TAB) and flip-chip bonding. The TAB is also 
referred to as tape carrier bonding. 

In the TAB technique, a laminated tape of gold-plated 
copper foil etched in the form of leads is bonded to the 
bumps on the electrode pads. The elimination of the wire 
bonding is advantageous from viewpoints of size reduction 
and highly integrated packaging of the device. On the other 
hand, the flip-chip bonding requires to make a raised metal- 
lic bump of solder on the chip. The chip is then inverted and 
bonded face down to the substrate interconnection pattern. 
This process lends itself to production of semiconductor 
devices with a high terminal count and a smaller pitch. In 
addition, this technique is also advantageous to provide a 
fast, low-noise semiconductor device with the short length 
of the interconnections. 

The TAB and flip-chip bonding techniques use the bumps 
provided between the chip and the package to make elec- 
trical interconnection between them. These techniques are 
disclosed in, for example, Japanese Patent Laid-open Nos. 
5-129366 and 6-77293. 
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As mentioned above, the film carrier semiconductor 
device disclosed in these laid-open publications uses the 
bumps for the electrical interconnection between the chip 
and the carrier film. There is another film carrier semicon- 
ductor device in which the electrical interconnection 
between the chip and the carrier film is achieved without 
using the bumps. The semiconductor chip and the carrier 
film are electrically connected during the assembly process. 
The bumps are used only for the purpose of connecting the 
film carrier semiconductor device with, for example, a 

3 circuit board or a mounting board. The film carrier semi- 
conductor device of the type described comprises a semi- 
conductor chip and a carrier film. Contact pads are provided 
on the semiconductor chip at one side thereof. The contact 
pads are arranged along the periphery of the semiconductor 

5 chip. Interconnecting layers are provided on the carrier film. 
The carrier film is also provided with through-holes and 
openings formed therein. The openings are formed at the 
position corresponding to the contact pads (chip electrodes). 
A conventional process for manufacturing a semiconduc- 

0 tor device is described first for the purpose of facilitating the 
understanding of the present invention. In this event, 
description is made on a process for manufacturing a film 
carrier semiconductor device. A wafer, which comprises a 
number of chip sections each having chip electrodes formed 

5 thereon, is covered with a passivating film by using a 
well-known technique. After the formation of the passivat- 
ing film, the chip electrodes are exposed to the atmosphere. 
The chip sections are then separated from each other into 
individual chips along scribe lines by means of a known 

o dicing technique using a dicing saw. The semiconductor chip 
so obtained is prepared along with a carrier film and an 
adhesion film. The adhesion film is positioned relative to the 
semiconductor chip and placed thereon. The carrier film and 
the semiconductor chip are subjected to heat and pressure to 

5 adhere them through the adhesion film. The carrier film is 
then cut along the edges of the chip by means of any 
adequate method. Next, bump electrodes (solder bumps) are 
formed on corresponding outer chip electrodes arranged on 
the carrier film. 

o Semiconductor devices so obtained may find various 
applications in the electronics, electrical, and other fields. 
For example, semiconductor devices may be used for 
memories and drivers for a liquid crystal display. Such 
applications are suited for mass-production of the semicon- 

5 ductor device. However, the above mentioned manufactur- 
ing process has a certain limitation on the number of chips 
obtained per unit time because the operation should be made 
for each chip. Recent demands for smaller memories or 
drivers have reduced the size of the semiconductor device 

o itself. Accordingly, it is necessary to conduct the operations 
such as the inner lead bonding and the formation of the 
bumps for each small chip. Such operation is so elaborate 
and somewhat troublesome because the semiconductor chip 
is relatively small. It is thus difficult to position the carrier 

5 film positively or with a high accuracy, 'llie elaborate 
operation is also associated with the reliability of the elec- 
trical interconnection between the semiconductor chip and 
the carrier film. In other words, there may be trouble in the 
interconnection between the semiconductor chip and the 

io carrier film as well as the adhesion of the individual com- 
ponents. In this respect, a batch process may be more 
effective than the conventional process for the mass- 
production of the semiconductor device, in which most 
operations are conducted on chip sections of a wafer. In this 

65 process, the bump electrodes are formed on the chip sections 
of the wafer which are not separated from each other into the 
individual chips. 
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Such a method is disclosed in, for example, U.S. Pat. No. The above and other objects, features and advantages of 
5,137,845, issued to Lochon et al. This method has devel- the present invention will become more apparent in the 
oped by IBM Corporation and is applicable to the manu- following description and the accompanying drawing in 
facturing of bump electrodes for semiconductor chips that which like reference numerals refer to like parts and corn- 
are suitable for Controlled Collapse Chip Connection (C4) 5 ponents. 

or flip-chip technique. In this method, a barrier metal is According to another aspect of the present invention, 
deposited on aluminum chip electrodes, on which bump there is provided a semiconductor wafer having a number of 
electrodes are deposited for a terminal contact. The resultant semiconductor chips comprising bump electrodes formed 
wafer is, however, directed to the application as it is. In other m t 0 a matrix on an entire surface of the wafer except for on 
words, this patent is not for a wafer to be divided into 10 scribe lines between the semiconductor chips, 
semiconductor chips. There is no disclosure of the separa- 
tion of the wafer nor the disclosure about the position of the BRIEF DESCRIPTION OF THE DRAWING 
interconnection, chip electrodes, and bump electrodes to pjQ. 1A is a schematic plan view of a wafer having a 
avoid the breakage of them upon dicing. In addition, the number Qf chip sections sub j ecte d to a conventional process 
bump electrodes in the above mentioned conventional semi- 15 for manufacturing a semiconductor device; 
conductor devices are formed on the corresponding chip . c u . .. . 
i j nn. r c *u u iu ;«f FIG- IB is an elongated view of a chip section in FIG. 1A 
electrodes. The formation of the bumps on the electrodes is, & K 
however, difficult or even impossible by the practical con- FIG. 1C is a cross-sectional view of the chip section taken 
sideration to meet recent demands on the semiconductor on line I— I in FIG. IB; 

chips towards the possible reduction in size with a higher 20 FIGS. 2A through 2G are cross-sectional flow diagrams 

terminal count and a smaller pitch. showing a process for manufacturing a conventional semi- 

This problem may be solved by means of using a multi- conductor device; 
layered electrode structure of the semiconductor device FIGS. 3A through 3G are cross-sectional flow diagrams 
which allows the distribution of the solder pads on the entire showing a process for manufacturing a conventional semi- 
surface of the semiconductor chip. Such a structure is, 25 conductor device; 

however, complex and difficult to be manufactured. In pjg 4^ j s a schematic plan view of a wafer having a 

addition, the multi -lave red electrode significantly affects the number of chip sections according to a process for manu- 

configuration of the chip surface. A larger number of layers facturing a semiconductor device of the present invention; 

may sometimes make the surface irregular. FIG. 4B is an elongated view of a chip section in FIG. 4A; 

Accordingly, an object of the present invention is to an( j 

provide a process for manufacturing a semiconductor device FIG. 4C is a cross-sectional view of the chip section taken 

having bump electrodes formed at different positions from 0Q lme jj jj m p|Q 43 

chip electrodes, which is suited for mass-production. 

Another object of the present invention is to provide a 35 DESCRIPTION OF THE PREFERRED 

process for manufacturing a semiconductor device having a EMBODIMENT 



good thermal stress resistance. A conventional process for manufacturing a semiconduc- 

Yet another object of the present invention is to provide a tor device is described first for the purpose of facilitating the 

process for manufacturing a semiconductor device having a understanding of the present invention. In this event, 

good moisture resistance. 40 description is made on a process for manufacturing a film 

_ T _ TX -.„ XI ™~ XT carrier semiconductor device. Referring to FIGS. 1A 

SUMMARY OF THE INVENTION through 1C, a semiconductor bare chip is prepared by using, 

In order to achieve the above mentioned object, there is for example, a well-known wafer manufacturing technique, 

provided a process for manufacturing a semiconductor A wafer 10' comprises a number of chip sections 10a' each 

device comprising the steps of defining a number of semi- 45 having chip electrodes (contact pads) 11 formed thereon, 

conductor chip sections on a wafer, each semiconductor chip Though the illustrated chip electrodes 11 are formed along 

section having a number of chip electrodes formed on one the periphery of each chip section 10a', the chip electrodes 

surface along a periphery thereof, the one surface being may be formed within an active area. The chip electrodes 11 

covered with a passivating film except for the positions are typically made of an aluminum-based alloy. The wafer 

where the chip electrodes are formed; forming a number of 50 10' is then provided with a passivating film 12. More 

interconnection layers on the wafer for each semiconductor particularly, the entire surface of the wafer 10' is covered 

chip section such that each interconnection layer is con- with the passivating film 12. The passivating film 12 may be 

nected to the chip electrode at one end thereof and is made of, for example, polyiraide, silicon nitride, or silicon 

extended inward the chip section at the other end; covering oxide by using a well-known technique such as spin coating, 

the entire surface of the wafer with a cover coating film; 55 The passivating film has a thickness of 20 micrometers or 

forming a number of apertures in the cover coating film, the smaller. After the formation of the passivating film, the chip 

apertures being formed into a matrix; forming a number of electrodes 11 are exposed to the atmosphere by means of 

bumps on the apertures; and separating the semiconductor exposing the wafer 10* to light and etching it. As a result, the 

chip sections on the wafer as individual semiconductor chips passivating film 12 covers the entire surface of the wafer 10' 

along scribe lines. 60 except for the locations where the chip electrodes 11 are 

In the above mentioned process, the interconnection layer formed. The chip sections 10a' are then separated from each 

extended inward the semiconductor chip section is prefer- other into individual chips along scribe lines 13. The sepa- 

ably exposed to the atmosphere through the aperture. In ration is made by means of a known dicing technique using 

addition, the solder bumps are preferably formed away from a dicing saw. 

the scribe line. Furthermore, the bump electrodes arc prcf- 65 Referring to FIG. 2, a process for manufacturing a con- 

erably formed at the position not just over the chip elec- ventional semiconductor device is described. A semiconduc- 

t ro des. tor chip 20 obtained in the manner described above is 
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prepared along with an adhesion film 25 and a carrier film by Electronic Industries Association of Japan (EIAJ). Such 

30 (FIG. 2A). Ball bumps 14 of gold are formed on the chip a design allows common use of sorting tools such as sockets 
electrodes 11. The adhesion film 25 is interposed between and balls for various semiconductor devices. 

the semiconductor chip 20 and the carrier film 30. The In FIG. 2F, product names are labelled on the back surface 

adhesion film 25 is smaller than the semiconductor chip 20 5 0 f the chip by using a laser beam. The carrier film 30 is then 

and has a thickness of about several tens of micrometers. cu t along the edges of the chip assembly by using a mold. 

The carrier film 30 comprises an organic insulation film Typically, the cutting length and the width is larger by 

31. The organic insulation film 31 may be, for example, a approximately 100 micrometers on each side than those of 

polyimide -based insulation film. The organic insulation film the chip assembly when a mold is used for cutting. More 

31 has a first surface 31a and a second surface 316. 10 precise cutting may be achieved by using a dicing saw or a 
Interconnection layers 32 are provided on the organic insu- laser beam. 

lation film 31 on the side of the first surface 31a. Through- Referring to F IG. 2G, bump electrode (spJdgj hnmp^) _T7 
holes 33 are formed in the insulation film 31. One end of are 1 formed on corresponding outer chip electrodes/ \ J 
each through-hole 33 faces the interconnection layer 32. arranged as an array on the carrier film 30 at the second 
Each through-hole 33 passes through the insulation film 31 35 surface 31b thereof. The bump electrodes 37 may be formed 
to the second surface 31b thereof. The insulation film 31 is by using a method disclosed in, for example, Japanese 
also provided with openings 34 penetrating through the film. p atent Laid-open No. 49-52973. The bump electrodes 37 are 
The openings 34 are formed at the position corresponding to formed by soldering a solder wire by using the wire bonding 
the chip electrodes 11. Each through-hole 33 is filled with a process on the surfaces of the semiconductor device cor re- 
conductive electrode 35. Likewise, each opening 34 is filled 20 sponding to the chip electrodes 11 on the chip. The balls are 
with a filler material 36. then bonded to the pads, following which the wires are cut. 

Referring to FIG. 2B, the adhesion film 25 is positioned As mentioned above, this conventional manufacturing 

relative to the semiconductor chip 20 and placed thereon. process is available only for the limited number of chips 

When made of a thermoplastic resin, the adhesion film 25 obtained per unit time because it is necessary to conduct the 

can be temporarily fixed on the semiconductor chip 20 by operations such as the inner lead bonding and the formation 

means of heating it from the side of the chip up to a of the bumps for each small chip. Accordingly, there may be 

temperature at which the adhesion film 25 begins to melt. In trouble in the interconnection between the semiconductor 

this event, the adhesion film 25 is adhered to the semicon- chip and the carrier film as well as the adhesion of the 

ductor chip 20 in such a manner that no voids are trapped ^ individual components. In addition, the bump electrodes in 

between the film 25 and the chip 20. the above mentioned conventional semiconductor devices 

Referring to FIG. 2C, the carrier film 30 is positioned are formed on the corresponding chip electrodes, which 

relative to the semiconductor chip 20 with the adhesion film causes some problems under the recent demands on the 

25 thereon, and the interconnection layers 32 are connected semiconductor chips towards the possible reduction in size 

to the chip electrodes 11 via the ball bumps 14 by means of 35 with a higher terminal count and a smaller pitch, 

the inner lead bonding technique. More specifically, the Next, an embodiment of the present invention is described 

conductive electrode 35 contacts with one end of the inter- ^th reference to FIGS. 3A through 3G and 4A through 4C. 

connection layer 32. The other end of the inter-connection ^ shown in pj G 3Aj a num ber of semiconductor chip 

layer 32 reaches between the contact pad 11 and the opening sections 10a are defined on a wafer 10 according to a 

34. In this event, the aluminum forming the chip electrode 4Q well-known wafer manufacturing process. The chip section 

11 is reacted with copper forming the interconnection layer i n this embodiment is square but may be rectangular for 

32 and with the gold forming the ball bumps 14 into an other applications. Each semiconductor chip section 10a has 
aluminum-copper-gold alloy to ensure the interconnection a num ber of chip electrodes (contact pads) 11 formed on one 
between them. surface along the periphery thereof. Referring to FIG. 3B, 

Referring to FIG. 2D, the combination of the semicon- 45 the wafer 10 is covered with a passivating film 12 having a 

ductor chip 20 and the carrier film 30 is subjected to heat and thickness of 20 micrometers or smaller. The passivating film 

pressure to adhere them through the adhesion film 25. The 12 may be formed by means of any one of a plurality of 

combination, which is referred hereinafter to as a chip adequate methods such as spin coating. In this event, the 

assembly, is heated and pressurized for several seconds from passivating film 12 covers the entire surface of the wafer 10 

the side of either the semiconductor chip 20 or the carrier 50 including the chip sections defined by scribe lines 13 with 

film 30. the chip electrodes 11 thereon. The wafer 10 is then sub- 

The above mentioned steps illustrated in FIGS. 2B jected to well-known exposure and etching to expose the 

through 2D are not the limitation on the method available for chip electrodes 11 to the atmosphere. This is clearly shown 

connecting the carrier film 30 and the semiconductor chip in FIG. 3B. The wafer 10 at this stage is similar to the wafer 

20. 'The adhesion film 25 may be positioned and plated 55 10' illustrated in FIG. 1C. As mentioned above, the conven- 

relative to the carrier film 30 rather than the semiconductor tional manufacturing process then divides the wafer into the 

chip 20. Alternatively, the inner lead bonding may be made semiconductor chips along the scribe line 13. On the 

after the carrier film 30 is adhered to the semiconductor chip contrary, no dicing is made at this stage in the present 

20 with high accuracy with the adhesion film 25 interposed invention. 

between them. An adhesion layer may be formed previously 60 Referring to FIG. 3C, aluminum interconnection layers 60 

on the surface of the chip section of the wafer. are formed on the wafer 10. The aluminum interconnection 

In FIG. 2E, the chip assembly is subjected to an electrical layer 60 has a thickness of 1 micrometer or smaller and is 

sorting operation and tests on the long-term reliability under connected to the chip electrode 11 at one end thereof. The 

low electric field bias temperature (BT) by using a sorting other end of the aluminum interconnection layer 60 is 

pad 50 in the same manner as in typical tape carrier packages 65 extended inwardly of the chip section 10a. In other words, 

(TCP). The outer configuration and dimensions of the carrier the aluminum interconnection layer 60 is extended towards 

film 30 are designed to meet the specifications determined the central portion of the chip section 10a. The aluminum 



